To investigate the role of thymic myoid cells in the pathogenesis of myasthenia gravis (MG), mRNA of nonneoplastic thymuses from eight MG patients was analyzed by dot blot hybridization for the occurrence of acetylcholine receptor (AChR) 
INTRODUCTION
Myasthenia gravis (MG) is an autoimmune disease characterized by abnormally fatiguable neuromuscular transmission caused in 90% of patients by heterogeneous autoantibodies against the nicotinic acetylcholine receptors (AChR) of muscle endplates that are either reduced or functionally blocked (Compston et al., 1980; Drachman et al., 1980; Vincent et al., 1987) . Heterogeneous thymic alterations are another feature of MG: thymitis--with or without lymphoid follicular hyperplasia--occurs in about 70% of patients, and thymic atrophy and thymoma are present in 20% and 10%, respectively (Kirchner et al., 1986; Mtiller-Hermelink et al., 1986 between these thymic abnormalities and the mechanisms of tolerance breakdown have not been fully established, but seem to be different (Compston et al., 1980; Chilosi et al., 1986) . Although there is now strong evidence that tumor proteins with only a limited molecular similarity to the AChR may play a causative role in the pathogenesis of thymoma-associated MG (Kirchner et al., 1987 (Kirchner et al., , 1988 Marx et al., 1989 Marx et al., , 1990 Geuder et al., 1989; Siara et al., 1991) , the myoid cells of the thymic medulla have been suggested to be involved in autosensitization in nonthymoma-associated cases (Van de Velde et al., 1966; Kao and Drachman, 1977; Wekerle and Ketelsen, 1977) . In fact, myoid cells were shown to express AChR Kirchner et al., 1988; Marx et al., 1992) . However, it is controversial whether these AChR are only targets of anti-AChR autoantibodies or whether they are also involved in the trig- gering or maintainance of autoantibody production (Kirchner et al., 1988) .
The AChR of skeletal muscle is a pentameric cation channel composed of four different subunits (Changeux and Revah, 1987; Kubalek et al., 1987; Dipaola et al., 1989 (Mishina et al., 1986 (Tzartos et al., 1986) . For correlation with autoradiographic intensities of dot blots (see Fig. 2 (Mishina et al., 1986) . The specificity of the blotting procedure was checked in two ways.
First, a distinct correlation was encountered between the frequencies of thymic myoid cells as determined by immunohistochemistry ( Fig. 1 ) and the relative intensities of autoradiographs of the respective dot blots probed with the AChR alpha-subunit cDNA (Fig. 2) . For this experiment, mRNA was extracted from five thymuses simultaneously and strictly in parallel. Second, the specificity of hybridization was determined by including mRNA from MG-associated' thym-' omas in which myoid cells were absent (Fig. 2) , or the carcinoma cell line A431 (Giard et al., 1973) as negative controls (Fig. 3; Geuder et al., 1989 Geuder et al., , 1992 . Finally, the absence of any hybridization of the AChR gamma-subunit cDNA with mRNA from innervated adult human skeletal muscle (Fig. 4) confirms the specificity of our method.
A Minority of Human Thymuses Contains Transcripts for Adult AChR
In addition to the transcripts for fetal AChR, only one out of eight thymuses exhibited transcription of the AChR epsilon-subunit gene (Table 1 and Fig. 3) indicating the potential to express adult/junctional-type AChR in addition to fetal AChR (Mishina et al., 1986 . In adult bovine thymuses, the expression of fetal AChR as the only AChR type of myoid cells was also shown immunohistochemically by gamma-and epsilonsubunit specific mAbs (Nelson and ContiTronconi, 1990 (Fig.  2) , whereas Hara et al. (1991) recently reported a positivity by applying the PCR method.
We also show here that in a minority of human thymuses, epsilon-subunit mRNA, which characterizes the adult-type receptor, is present in addition to the other subunit mRNAs (Fig. 3) . Whether this cotranscription correlates to a corticosteroid pretreatment of MG patients (as in our case) has to be proven by further studies (in preparation). The same finding of transcription of all five AChR subunit genes was recently reported in a rat thymus myoid cell line (Kobayashi et al., 1990 (Mishina et al., 1986) .
Adult and fetal AChR may cooccur within the same muscle during a short pre-and postnatal period (Mishina et al., 1986; Witzmann et al., 1989; Brenner et al., 1990 ). In addition, we have identified transcripts for both AChR types in rhabdomyosarcomas and in nephroblastomas that exhibit a partial rhabdomyomatous differentiation . As there is presumably no innervation in either tumors or thymic myoid cells, innervation is evidently not the only signal (Brenner et al., 1990) Kirchner et al. (1986) according to the degree of lymphoid follicular hyperplasia or diffuse B-cell infiltration.
The diagnosis of myasthenia gravis was based on clinical findings, including electrophysiological investigations and the detection of serum anti-AChR autoantibodies (Table 2) .
Methods
Imrnunohistochemistry was performed on cryostat sections of snap frozen tissues applying a three-sthge immunoperoxidase technique as described in detail previously (Kirchner et al., 1988) . Thyrnic rnyoid cells were identified by culture supernatant of monoclonal antibody mAb155 directed against the cytoplasmic epitope alpha371-378 of the AChR alpha subunit (Tzartos et al., 1986) and by a purified rnonoclonal antidesrnin antibody (Laboserv, Giessen, FRG) .
Extraction of RNA, preparation of Poly(A)/RNA by oligo-dT chromatography, and hybridization procedures under high stringency followed standard protocols (Ausubel et al., 1987) . Filters were hybridized at 42 C for 12 hr and washed at 55 C twice for 30 rnin each with 1 xSSC/2% SDS and then for 15 rain with 0.1x SSC/0.2% SDS. The probes were cDNAs of the human AChR alpha and delta subunit (Schoepfer et al., 1988; Luther et al., 1989) , the mouse AChR beta and gamma subunit (Boulter et aI., 1985; Patrick et al., 1987) , and the rat AChR epsilon subunit . Probes were 32p-labeled to a specific activity of 109 dpm//g DNA using a random primer DNA labeling protocol (Boehringer, Mannheim, Germany). LFH with cortical involution.
